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medicine material “I-Tiao-Gung” in Taiwan. It is widely used in both traditional Chinese
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medicine and folk remedies for the treatment of rheumatism, arthropathy, leukorrhea,
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menalgia, menopausal syndrome, and chronic nephritis, and the improvement of bone
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mineral density. The quasi root of Glycine tomentella and Glycine tabacina is substituted and
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used by some off-shore island users, and it is also known as I-Tiao-Gung. Thus, the
establishment of an effective method to distinguish the herb from alternative species is a
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critical issue. In this study, internal transcribed spacer (ITS) region-based analysis was

Flemingia

used to ascertain the phylogenetic relationship among the indigenous four Flemingia spe-

Glycine

cies and two Glycine species. The length of the ITS regions among the six species ranged

Internal transcribed spacers

from 595 bp to 622 bp and the GC ratio in ITS (ITS 1 þ 5.8S þ ITS 2) regions ranged from

Molecular phylogenetic tree

57.17% to 58.86%. The molecular phylogenetic trees were constructed and indicated that
Flemingia species and Glycine species were separated two clusters. These results indicate
that ITS regions can be used as a molecular marker to differentiate the four Flemingia
species and two Glycine species.
Copyright ª 2013, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. All rights reserved.
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1.

Introduction

Some roots derived from Flemingia plants are famous as the
traditional Chinese medicine (TCM) material “I-Tiao-Gung”
(ITK; meaning “singular radix” in Chinese). These plants
belong to the family Leguminosae (Fabaceae) and are mainly
distributed in tropical areas. ITK is widely used in both TCM
and folk remedies for the treatment of rheumatism, arthropathy, leukorrhea, menalgia, menopausal syndrome, and
chronic nephritis, and the improvement of bone mineral
density in Taiwan and Southern China [1e3]. Recently, an
analogous ITK was widely adopted and cultivated in Kinmen
Island, and this species has been identified as Glycine tomentella (Leguminosae). Likewise, Glycine tabacina is also used as
another ITK in the Penghu (Pescadores) islands. However, the
actual pharmacological effects and constituents of G. tomentella and G. tabacina have not yet been extensively studied [4,5].
To ensure the safety and therapeutic effect of treatment, the
authentic origin of such confused homonym medicinal materials should be investigated and regarded as a critical issue.
Traditionally, morphological features have often been
cited as the principal approach for the classification of herbs
such as shape, color, texture, and odor. In particular, it is more
difficult to discriminate between crude drugs derived from
Flemingia species and Glycine species by their morphological
features, because these features are approximate [4]. The use
of chromatographic techniques and marker compounds to
standardize botanical preparations is also limited because the
medicinal materials have different sources and chemical
complexity. The feature could be affected by growth, storage
conditions, and harvest timing [6,7].
Currently, DNA-based markers have become popular tools
for the identification and authentication of TCM from plants
or animals. DNA sequencing can be applied to distinguish
species and study phylogenetic relationships, population genetics, systematics, and evolution. In the sequencing-based
methods, the internal transcribed spacer (ITS) sequences of
nuclear rDNA have been widely used as a powerful tool for
TCM identification [8e10]. The ITS region of rDNA, defined as
the unit containing the ITS 1, 5.8S rDNA gene, and ITS 2, can be
readily amplified by polymerase chain reaction (PCR) with
specific primers and sequenced (Fig. 1) [11].
In this study, we sequenced and analyzed the ITS regions
of rDNA and successfully authenticated the alternatives from
certain Flemingia and Glycine species. Compared with the
traditional methods of authenticating Flemingia and Glycine
species, the method reported in this paper has offered more
defined markers for the authentication and assessment of the

Primer: 18S

18S Nuclear rDNA

ITS 1

5.8S
rDNA

ITS 2

28S Nuclear rDNA

Primer: 28S

Fig. 1 e Organization of the internal transcribed spacer
region.

phylogeny among these species. This is the first report on
authenticating the alternatives from Flemingia and Glycine
species by ITS sequence analysis.

2.

Methods

2.1.

Plant material and DNA extraction

The plants of Flemingia strobilifera (CMU FS 12001), Flemingia
prostrate (previous name: Flemingia philippinensis, CMU FP
12001), Flemingia macrophylla (CMU FM 12001), Flemingia lineata
(CMU FL 12001), G. tabacina (CMU GT 12001) and G. tomentella
(CMU GT 12001) were collected from the wild and the market
in the form of fresh plants and dried roots, as listed in Table 1.
Three samples of each species were collected from one place
and one plant was selected to be deposited in the herbarium.
The voucher specimens were identified and deposited in the
Herbarium of the School of Pharmacy of the China Medical
University, Taichung, Taiwan. The species were identified by
Dr. Y. J. Ko and Dr. C. L. Kuo of China Medical University.
The genomic DNA was extracted from fresh leaves (0.1 g)
using a plant genomic DNA purification kit (DNeasy Plant Mini
Kit; Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The harvested genomic DNA was stored
at 20  C for further analysis.

Table 1 e Particulars of materials used in this study.
Codes M1-14 were collected from the market.
Code

Species

Locality

Part used

FS1
FP1
FP2
FP3
FP4
FM1
FM2
FM3
FL1
FL2
GTA1
GTA2
GTO1
GTO2
GTO3
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14

Flemingia strobilifera
Flemingia prostrate
F. prostrate
F. prostrate
F. prostrate
Flemingia macrophylla
F. macrophylla
F. macrophylla
Flemingia lineata
F. lineata
Glycine tabacina
G. tabacina
Glycine tomentella
G. tomentella
G. tomentella
F. strobilifera
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. prostrate
F. macrophylla
G. tomentella

Kaohsiung, Taiwan
Kaohsiung, Taiwan
Taichung, Taiwan
Changhua, Taiwan
Tainan, Taiwan
Nantou, Taiwan
Kaohsiung, Taiwan
Tainan, Taiwan
Kaohsiung, Taiwan
Tainan, Taiwan
Penghu, Taiwan
Matsu, Taiwan
Kinmen, Taiwan
Matsu, Taiwan
Taichung, Taiwan
Ilan, Taiwan
Changhua, Taiwan
Yunlin, Taiwan
Tainan, Taiwan
Nantou, Taiwan
Kaohsiung, Taiwan
Pingtung, Taiwan
Penghu, Taiwan
Taipei, Taiwan
Taichung, Taiwan
Kinmen, Taiwan
Chiayi, Taiwan
Changhua, Taiwan
Kinmen, Taiwan

Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Fresh leaves
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
Dried roots
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PCR amplification

The ITS region of the nuclear rDNA was amplified by PCR
using the primers of 18S (50 -CGTAACAAGGTTTCCGTAGGTGA30 ) and 28S (50 -CCTTTCATCTTTCCCTCGCGGT-30 ) that were
modified by Lin et al [12] and Wu et al [13]. The PCR amplification of ITS DNA was carried out in a total reaction volume of
50 mL containing 30 ng test sample, PCR buffer [20 mM
TriseHCl, pH 8.4, 50 mM KCl, 0.2 mM (each) dATP, dGTP, dCTP,
and dTTP; 1.5 mM MgCl2; 0.3 mM each primer; and 1 U KlenTaq polymerase (Protech Technology Enterprise Co. Ltd., Taipei, Taiwan)], and water added to make up the final volume.
The PCR program consisted of a denaturation step at 94  C
for 5 minutes followed by annealing at 47.5  C for 1 minute
and extension at 68  C for 1 minute for the first template
amplification, and then 25 cycles of 94  C for 20 seconds,
54.5  C for 20 seconds and 68  C for 30 seconds. After 25 cycles, the PCRs were incubated at 72  C for 10 minutes.
Approximately 10 mL of PCR products was electrophoresed on
1% agarose gel, stained with ethidium bromide, and visualized under UV. The remaining PCR products were stored at
4  C until use.

2.3.

Cycle sequencing

DNA sequencing was performed by Mission Biotech (www.
missionbio.com.tw, Taipei, Taiwan), using standard procedures. Briefly, the PCR products were purified by ethanol
precipitation. Cycle sequencing used the same primers as for
PCR. The cycle sequencing reaction used the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster
City, CA, USA). Samples were sequenced on the ABI 3730XL
DNA analyzer (Applied Biosystems). All the sequence analyses
were done using the Sequencher 5.2.0 software (Gene Codes,
Ann Arbor, MI, USA). All suspected variations were verified by
bidirectional sequencing. The ITS region of each individual
PCR product was sequenced in both 50 and 30 directions at least
three times to define the ITS sequences [14,15].

2.4.

Data analysis

Sequences were initially compared and aligned using BioEdit
version 7.0.5.3 (Tom Hall, http://www.mbio.ncsu.edu/BioEdit/
bioedit.html) and MEGA 4 software (http://www.mega
software.net) [16], and verified by comparing with the

sequences of other species by Basic Local Alignment Search
Tool (BLAST) search at the website of the National Center for
Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.
gov/blast/blast.cgi). Phylogenetic trees were based on the hierarchical clustering of the alignments of ITS1, 5.8S rDNA, and
ITS2 and produced by neighbor-joining and maximumparsimony methods using MEGA 4 software for the bootstrap values (1000 replicates).
The ITS1e5.8SeITS2 DNA sequences of referenced Flemingia species were not previously available within the NCBI
GenBank or European Molecular Biology Laboratory (EMBL)
databases. The sequences were lodged in the NCBI nucleotide
database. The assigned sequence accession numbers were
as follows: F. strobilifera (JX546290), F. prostrate (JX546291),
F. macrophylla (JX546292), and F. lineata (JX546293). Sequences
from the other two species G. tabacina (JX546294) and
G. tomentella (JX546295) were also deposited in GenBank and
listed in Table 2.

3.

Results and discussion

The popularity of ITS has some advantages, such as universality, simplicity, intragenomic uniformity, intergenomic
variability, low functional constraint, and high copy number.
These advantages make the rDNA-ITS region the preferred
choice and most extensively applied molecular tool for TCM
and alternatives. In recent years, many studies have used ITS
sequences as genetic markers for TCM [12,13,17].
G. tabacina and G. tomentella were found as alternatives of
ITK in the market. The ITS region was amplified by PCR with
the same primer pair. The sequences of ITS1, ITS2, and 5.8S
region are shown in Fig. 2. We used some samples from
different regions and patterns, but the ITS sequences were the
same in each species.

3.1.

rDNA sequence analysis

All sequences in the NCBI nucleotide database (accession
numbers JX546290eJX546295) were reported. Sequence length
range, GC content range, and accessions numbers are
included in Table 2. The ITS sequences (ITS1, 5.8S, and ITS2)
varied in length from 595 bp to 622 bp, and the GC content
ranged from 57.17% to 58.86%. The length of ITS1 ranged from
226 bp to 251 bp with the GC content ranging from 57.03% to

Table 2 e Length (bp) and G D C contents of ITS, 5.8S rDNA, and ITS2 of Flemingia species.
Species

Flemingia strobilifera
Flemingia prostrate
Flemingia macrophylla
Flemingia lineata
Glycine tabacina
Glycine tomentella

G þ C content (%)

Length (bp)

Genbank number

ITS

ITS1

5.8S rDNA

ITS2

ITS

ITS1

5.8S rDNA

ITS2

605
622
621
619
596
595

234
251
251
249
226
226

164
164
164
164
164
164

207
207
206
206
206
205

58.86
58.84
57.17
57.35
57.72
57.65

58.12
60.96
58.17
57.03
58.85
58.41

54.27
54.27
54.27
53.66
53.66
53.66

57.49
59.90
58.25
60.68
59.71
60.00

ITS ¼ internal transcribed spacer.

JX546290
JX546291
JX546292
JX546293
JX546294
JX546295
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Fig. 2 e Alignment of ITS1 (underlined), 5.8S (highlighted in gray) and ITS2 sequences in four Flemingia species and two
Glycine species. The same sequences are indicated by dots (.). Gaps (e) are introduced for the best alignment. Variable region
ranged 1e5 bp in size, marked in bold italics. ITS [ internal transcribed spacer.

60.96%. The length of ITS2 ranged from 205 bp to 207 bp, and
the GC content ranged from 57.49% to 60.68%. The length of
ITS2 was shorter than that of ITS1. The 5.8S length was 164 bp,
and the GC content was 53.66% and 54.27% (Table 2). The two

Glycine species had a similar ITS length, which was shorter
than that of Flemingia species.
Alignment of the six sample sequences proved that both
single-nucleotide differences and short lengths of sequence
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Fig. 2 e (continued).

diversity were due to insertions or deletions existing in the
ITS1 or ITS2 regions. Both ITS1 and ITS2 regions demonstrated
much interspecies variation (Fig. 2). The hypervariable
nucleotide sequences of ITS regions between 18S and 28S
rDNA were useful for the identification of different plant
species. These regions can be used to design species-specific
primers to amplify the flanking regions.

3.2.

Sequence coefficients of identity

Among the four Flemingia species, the interspecific percentage
identities ranged from 87.48% to 96.30% (Table 3), the
maximum percentage identity (96.30%) was between

F. prostrate and F. macrophylla, whereas minimum identity
(87.48%) was between F. strobilifera and F. lineata. The percentage identity between G. tabacina and G. tomentella was
99.16%. The percentage identity between different species of
Flemingia species and G. tabacina ranged from 74.37% to
76.46%. The percentage identity between different species of
Flemingia species and G. tomentella ranged from 74.01% to
76.66%. Thus, these two alternatives showed a lower degree of
relationship with different Flemingia species.
Pairwise distances were calculated for the four Flemingia
species and two Glycine species (Table 3). The pairwise distance in the ITS among these four Flemingia species was 17e58
characters. Pairwise distance between different Flemingia
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Table 3 e Percentage identity of ITS (up diagonal) and pairwise distance (no. of differences, down diagonal) of the origins of
four Flemingia species and two Glycine species.
Species

Flemingia
strobilifera

F. strobilifera
F. prostrate
F. macrophylla
F. lineata
G. tabacina
G. tomentella

Flemingia
prostrate

Flemingia
macrophylla

Flemingia
lineata

Glycine
tabacina

Glycine
tomentella

93.93

91.00
96.30

87.48
91.04
88.32

74.44
76.46
75.63
74.37

74.01
76.66
75.67
74.41
99.16

25
33
58
130
132

17
44
134
132

57
142
140

143
141

2

ITS ¼ internal transcribed spacer.

species and these two Glycine species varied from 130 characters to 143 characters.

3.3.

Molecular phylogenetic trees

Phylogenetic trees were constructed for the four Flemingia
species and two Glycine species (Fig. 3). Phylogenetic trees
based on ITS regions were generated by neighbor joining (NJ;
Fig. 3A) and maximum parsimony (Fig. 3B) methods [12,13].
The six samples were identified as two groups: one containing
four Flemingia species, and the other containing two Glycine
species.
Hybridization and polyploidization are the important
mechanisms in angiosperm evolution. In the past, many
studies indicated that recurrent formation of allopolyploid
and autopolyploid plant species is the rule in the evolution of
polyploid complexes. Approximately 50% of all angiosperms
are thought to be of hybrid origin [18]. Approximately 35e50%
of all angiosperms are thought to be of polyploid origin [19,20].
The genetic study by ITS rDNA sequence provided the ideal

classification of the genus and the result indicated that Glycine
species and Flemingia species were independent of genetic
evolution.
In this study, we compared with other sequences in the
GenBank database. The ITS sequences of Flemingia species
showed 99% identity with our sequences. Only one sequence
of F. macrophylla (Genbank number: FJ980287) showed 96%
identity with our F. macrophylla sequence (Genbank number:
JX546292). The ITS sequences of G. tabacina and G. tomentella
showed 96e99% identity with our sequence. F. macrophylla is a
high-yield species of Flemingia that is planted and selected by
farmers. Artificial selection will increase the evolution of genotypes and phenotypes. The results of G. tabacina and
G. tomentella were the same as for F. macrophylla. However our
phylogenetic tree results were different from that of “Flora of
Taiwan” [21]. Our results showed that F. strobilifera was close
to F. prostrate and F. macrophylla. “Flora of Taiwan” showed
that F. lineata was closer to F. prostrate and F. macrophylla [21].
“Flora of Taiwan” identified plants by phenotype, whereas our
study identified them by genotype. The results indicated that

A
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89

100

60

50

40

30

20

10

0

B
69
82

100

70

60

50

40

30

20

10

0

Fig. 3 e Phylogenetic trees based on the ITS sequence by (A) neighbor joining and (B) maximum parsimony methods.
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the use of different methods for identification will result in
variations.
In conclusion, the ITS rDNA region has become an important gene locus for the systematic investigation of angiosperms at the interspecific and intraspecific levels. The
specific PCR primers are designed on the conserved rDNA
genes (18S, 5.8S and 28S) to amplify the entire ITS spacer region. This is believed to be the first time that ITK was identified
by using ITS regions sequencing, which was proven to be a
highly sensitive and stable method. The authentication results are reliable and were not affected by traditional
morphological features of the plant samples. Thus, this study
revealed that ITS regions sequences could be applied for the
practical and accurate authentication of ITK medicinal
materials.
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